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Introduction
Diring RANP #95, a study on NR network-controlled repeaters (RP-212700) has been agreed. The repeater may be used for extending network coverage in a cost effective manner, where the repeater is basically performing receive-amplify and forward operation with potential side control information. 
In the contribution, we discuss potential side control information to assist efficient initial access procedure of a wireless device behind a repeater.  
SSB transmission for initial access procedure with a repeater
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Figure 1. Multi-beam scenario with repeater
When a base station employs one or more repeaters for coverage expansion as shown in Figure 1 (e.g., repeater for coverage expansion for UE#2), a set of analog beams operated by a base station and a set of analog beams operated by a repeater may be different. The repeater may operate multiple beams to effectively expand coverage to various UEs. 
UE#1 as well as UE#2 should be transparent from a presence of the repeater, based on the SID objectives (e.g., supporting legacy UEs). In other words, UE#1 and UE#2 would perform an initial access procedure based on a legacy procedure. For example, the base station should be able to identify respective best candidate beams of UE#1 and UE#2 based on a legacy initial access procedure. 

In the legacy initial access procedure, the base station would transmit a set of beam-swept SSBs (for beams of the best station) via a set of resources (e.g., a SSB with beam #1 in a slot n, a SSB with beam #3 in a slot n+1, and so on). A repeater, without Rel-18 enhancements or with minimal configuration, may perform (1) blindly forward the set of beam-swept SSBs; (2) forward the set of beam-swept SSBs based on a beam pattern (pre)configured or (3) not forward the set of beam-swept SSBs; (4) forward only one SSB with a best beam to the repeater (e.g., a SSB with beam #5). 

When the repeater performs blind forwarding of the SSBs or forwards based on a beam pattern or forward only one SSB, UE#1 may receive a SSB via two paths (one from the base station and the other from the repeater). The UE#1 may determine receiver RF pattern/configuration (e.g., receiver beam) based on the SFNed SSB from the base station and the repeater, while selecting a preamble resource according to a SSB index with a beam #5. Based on the receiver RF pattern/configuration, UE#1 would determine spatial domain filter parameters for the preamble transmission, which may not provide a beam correspondence or may lead poor reception quality at the base station due to misalignment. 
When the repeater does not forward the SSBs, UE#2 may not be able to detect any SSB from the base station with low signal quality of SSBs. This may not provide a coverage extension for UE#2 for a stand-alone operation. 

In a scenario with one or more repeaters of a base station and the base station supports stand-alone operation, how to support an initial access for wireless devices within coverage of the one or more repeaters should be carefully studied to minimize impact on wireless devices directly communicating with the base station and enhance coverage on wireless devices indirectly communicating with the base station via the one or more repeaters. 

Proposal 1. Study enhancements on smart repeater to provide initial access procedure of wireless devices with repeater(s). Enhancements should support coverage extension of initial access for wireless devices behind repeater(s) while minimizing impacts/performance degradation on wireless devices directly communicating with a base station. 

An approach, to minimize performance degradation on wireless devices directly connecting to a base station during initial access procedure, would be to disable forwarding of signals during initial access (at least SSBs/preambles). However, to extend a coverage, additional SSB(s) for a repeater may be considered. For example, in Figure 1, four additional SSBs may be supported to support four beams of the repeater. A base station may increase a number of SSBs/SSB indexes of an initial access with considering a number of beams of one or more repeaters of the base station. 
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Figure 2. An example of SSB transmission with a repeater

Figure 2 illustrates an example of additional SSBs for the scenario of Figure 1. For example, SSB index #0 may transmit a SSB with a beam #1. The base station uses 6 SSB resources/indexes for the beams of the base station. The base station allocates additional four SSB resources/indexes (e.g., starting from SSB index #K) for the beams of the repeater. The base station transmits SSBs with a best beam for the repeater via the additional four SSB resources (e.g., beam #5). 
The repeater forwards SSBs based on a beam pattern (e.g., beam #7/#7/#8/#9/#9/#10/#7/#8/#9/#10). This approach, however, still may lead performance degradation on UE#1. For example, when UE#1 determines SSB index #K as a best beam, spatial domain filter of preamble based on received SSB may lead performance degradation at the base station. 
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Figure 3. Modified additional SSB Transmission Mechanism

To minimize the impacts and improve performance, SSBs of a base station and SSBs of a repeater may be forwarded in different times to avoid any SFN transmission. Figure 3 shows an example. SSB resources allocated for beams of the base station would be used for the base station’s SSB transmission. SSB resources allocated for beams for the repeater would be used for the repeater’s SSB transmission. This approach would address issues on performance degradation on wireless devices during initial access. However, as the repeater may be expected to forward simultaneously what is received, this may require changes in repeater behavior (e.g., buffer a SSB with beam #5 and repeat the buffered SSB). 

Moreover, a maximum number of SSBs should be kept same regardless of smart repeaters. This may limit scenarios where this approach could be used. For example, a number of repeaters and/or a number of additional beams/SSBs would be limited depending on how many beams that a base station supports (e.g., unused SSB resources by the base station could be used for additional beams for repeater(s)). Thus, it may not be scalable or may not work in some scenarios. If such scalability is an issue, additional optimization may be further considered. 

Proposal 2. Further consider whether to introduce additional SSB resources for a repeater in consideration of scalability (e.g., a number of beams/a number of repeaters). Further consider how to minimize performance impact on UEs, from employing repeater(s), during initial access procedure. 
 
Identify a wireless device behind a repeater 
When a wireless device accesses a base station via a repeater in a multi-beam scenario, the base station needs to differentiate the wireless device from other wireless devices that directly communicate with the base station. For example, the base station may need to configure different TCI state for the wireless device connected via a repeater and a second wireless device directly connected to the base station, even though a best beam of the repeater is same to that of the second wireless device (e.g., the repeater and the second wireless device selects a same SSB index as a candidate beam). For example, a TCI state for the wireless device would be determined based on a link between the repeater and the wireless device. 
With no impact on the wireless device, the base station may acquire this information via the repeater or via configuration. For example, when additional SSB resources are used for beam(s) of a repeater during initial access procedure, the base station may acquire information on a link/beam between a repeater and a wireless device (connected via the repeater) based on a preamble reception on a SSB index assigned to the repeater. As the base station may utilize a SSB index of a preamble transmission for a candidate beam selection for a wireless device, regardless of whether a repeater utilizes a single beam or multiple beams, it would be beneficial to support identification whether the wireless device is directly or indirectly communicating with the base station during the initial access procedure. For example, the base station provides separate preamble resources between repeater-forwarded preambles and normal preambles (e.g., assigning repeater-specific SSB resources and corresponding preamble resources).  

Depending on expected behavior of a repeater to support additional SSBs, side control information may be different. For example, a list of SSB indexes (e.g., ssb-PositionsInBurst), a first subset of SSB indexes used for a base station or other repeater(s), a second set of SSB indexes for a repeater, or a beam pattern during the second set of SSB indexes (or during the SSB indexes) are considered for side control information. Additionally, if buffering is supported, which SSB index to buffer may be also signaled. 

Proposal 3. Side control information, such as a set of SSB index(es) for a repeater, is supported to identify whether a preamble is forwarded by a repeater or not. 
 
Slot Format Indicator for a repeater

When a repeater simply forwards all received data all the time (e.g., receive-forward from a base station to wireless device(s) in a downlink slot and receive-forward from wireless device(s) to a base station), depending on cases, this may increase interference to the wireless device(s) or the base station, or may lead ambiguous situations. For example, when the repeater forwards a SSB with a beam K to a wireless device, the wireless device may receive the SSB from the base station and the repeater. The wireless device may determine receiver beam based on the combined signal which may not be corresponding to the beam K. This may lead inaccurate spatial domain filter parameter of a preamble transmission form the wireless device and may impact on successive operations. Similarly, when the repeater forwards all received uplink data from wireless devices even though wireless devices are all supported by the base station directly, forwarded signal may interfere uplink reception at the base station. To avoid these undesirable interferences, it would be desirable to inform when to receive/forward to/from base station and/or wireless devices based on a slot format indicator. 

Also, when side control information is sent to the repeater, the repeater is not supposed to forward the received side control information. To support this, at least one new slot format indicator, to indicate resources where the repeater receives from the base station without forwarding, may be necessary. 

For example, in Figure 3, SSB resources in slot #n or slot #p would be set to downlink resources without forwarding to the repeater. The repeater may receive SSB transmissions in slot #n or slot #p but may not forward the data. 

According to a slot format indicator which may be dynamically transmitted via a side control information, a repeater may perform in each OFDM symbol (1) receive and forward downlink data from a base station to wireless devices (2) receive only downlink data from a base station without forwarding (3) receive and forward uplink data from wireless device(s) to a base station (4) receive only uplink data from wireless device(s) without forwarding (5) no receiving e.g., off. 

Proposal 4. A dynamic slot format indicator is used to schedule when to receive and/or forward for a repeater. A slot format indicator would be enhanced to support resources where a repeater receives but not forward the received data. 



Conclusion
This contribution discusses initial access support with one or more repeaters of a base station. The proposals are as follows. 


Proposal 1. Study enhancements on smart repeater to provide initial access procedure of wireless devices with repeater(s). Enhancements should support coverage extension of initial access for wireless devices behind repeater(s) while minimizing impacts/performance degradation on wireless devices directly communicating with a base station. 

Proposal 2. Further consider whether to introduce additional SSB resources for a repeater in consideration of scalability (e.g., a number of beams/a number of repeaters). Further consider how to minimize performance impact on UEs, from employing repeater(s), during initial access procedure. 

Proposal 3. Side control information, such as a set of SSB index(es) for a repeater, to support initial access procedure via the repeater is supported. 

Proposal 4. A dynamic slot format indicator is used to schedule when to receive and/or forward for a repeater. A slot format indicator would be enhanced to support resources where a repeater receives but not forward the received data. 
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